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(57) Abstract 



A compound of fomiula (I), wherein G* and G^ independently represent a polymerisabic mcsogcnic residue; X represents a group 
selected from -CH2-, -0-, -CO-. -COO-, -OOC-. -CONR'-. -OCOO-, -OCONR'; Sp represents a group of the formula -(CH2)p- in 
which p is an integer of I to 18 and in which one or two non adjacent -CH2- groups are optionally replaced by --CH=CH-; or in which 
one or two -CH2- groups arc optionally replaced by one or two groups selected from the group consisting of -0-, -CO-. -COO-. -OOC-. 
-CONR*-, -OCOO-, -OCONR* with the proviso that firstly the spacer group does not contain two adjacent hetcroatoms and secondly 
when X is -CH2-, p can also have a value of 0; and M represents an achiral group of formula (11) in which A and B independently represent 
an optionally substituted six membered isocyclic or heterocyclic group or naphthalenediyl; C is selected from the group consisting of an 
optionally substituted five and six membered isocyclic or heterocyclic group or naphthalenediyl; n» and n^ are 0 or I with the proviso that 
firstly I<n'+n2<2 and secondly, when C is naphthalenediyl 0<n'+n2<2; Z^ is selected from the group consisting of -0-. -COO-. -OOC- 
-CO-, -CONR'-, -NR*CO-, OCOO-. -OCONR*-. -NR'COO- and a single bond; in which R* is selected from the group consisting of 
hydrogen, a lower achiral alkyi group and a lower achiral alkenyl group; Z^ and Z^ are independently selected from the group consisting of 
single bond. -COO-. -OOC-. -CH2-CH2-. -CH2O-. -OCH2-, -CH-CH-. -OC- -(CH2)4- and -(CH2)30-; and R' is selected from the 
group consisting of -CN. -COR. -COOR. -OCOR. -CONR'R. -NR*COR. OCOOR, -OCONR'R, -NR'COOR. -F. -CI. -CF3, -OCF3, 
-OR and -R in which R is selected from the group consisting of hydrogen, an achiral Ci_ig alkyl group and an achiral C4:i8 alkenyl group 
with the double bond at 3-position or higher, and R* is as defined above; with the proviso that al most one of the rings A, B and C is a 
naphthalenediyl group is provided as well as liquid crystalline mixtures, films and electro-optical devices comprising the compound. 
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Liquid Crystal Compounds 

The present invention relates to laterally substituted curable Liquid Crystals 
(LCPs) having mesogenic properties or properties which cause these LCPs to be 
compatible with a mesogenic molecular structure. In particular the present invention 
5 relates to laterally substituted curable Liquid Crystals (LCPs) with adjustable optical 
anisotropy and in parallel with low melting point or good supercoolability, relatively 
high clearing point and good alignment properties and the use of such LCPs in the 
preparation of substantially uniform or patterned film in which the orientation of the 
LCP molecules in the plane and relative to the plane of the substrate can be 
10 controlled. 

Films prepared from curable Liquid Crystals (LCP films) are well known to a 
skilled person and are used in the preparation of optical and electro-optical devices. 
US 5,650,534 discloses compounds and mixtures used to prepare components suitable 
for use non-linear optical (NLO) applications. These compounds are optically active 
and exhibit chiral smectic or chiral nematic mesophases. US 5,707,544 also discloses 
compounds and mixtures suitable for use in NLO applications However, these 
compounds are characterised by relatively high melting points. US 5,593,617 
discloses photochemically polymerisable liquid crystal compounds and mixtures, 
which are used to prepare optical and electronic components. However, these 
mixtures have a relatively narrow operating range and are unsuitable for use at higher 
temperatures. 

LCP films are generally manufactured by using known coating techniques 
such as spin coating. This involves casting an organic solution of a cross-linkable 
LCP or LCP mixture onto a substrate provided with an orientation layer. The organic 
25 solvent is subsequently removed to give a well-oriented, solvent-free mesogenic LCP 
layer, which in turn is cross-linked to give an LCP film. The desired optical 
performance of such films depends crucially on some reproducible physical 
parameters which the LCP material has to fulfil simultaneously. Such properties are a 
nematic mesophase, a high clearing point, a low melting point or a low tendency to 
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crystallise when cooled below melting point (supercooling), good solubility in organic 
solvents, good miscibility with other LCPs, good aligning properties on orientation 
layers, and the ability to form an adjustable tilt out of the substrate plane essentially 
free of tilt domains and disclinations. Tilt domains are regions within the LCP film in 
which the long axes of the LCP molecules form tilt angles out of the plane of the 
substrate of the same size but in opposite direction. Disclinations are borderlines of 
neighbouring tilt domains where LCP molecules of opposite tilt angles are adjacent. 
These tilt domains and disclinations result in both a disturbance in the uniform 
appearance of the film and an inhomogeneous optical performance. 

Good aligning properties and the ability to form an adjustable tilt angle are of 
particular relevance if photo-orientated and photo-patterned orientation layers are 
used for the orientation of LCPs. This so-called linear photo-polymerisation (LPP) 
technology (cf e.g. Nature, 381, p. 212 (1996)) allows the production of not only 
uniform but also structured (photo-patterned) orientation layers. If such structured 
orientation layers are used for the orientation of LCPs, the LCP molecules should 
adapt the information given by the orientation layer with respect to the direction of 
alignment and the tilt angle. 

For adjusting the optical properties of the layers and films prepared from LCPs 
as for example retardation films, it is further essential to have available a variety of 
LCP materials with differing optical anisotropy, mainly high optical anisotropy. It is 
known that LCPs exhibiting a high optical anisotropy often show a negative impact 
on several of the above properties. Particularly the formation of smectic mesophases, 
high melting points, an enhanced tendency to crystallise, a low solubility in organic 
solvents or reduced miscibility with other LCPs is observed. Furthermore the ability 
of homogeneous alignment fi-ee of tilt domains and disclinations is often reduced. 

There is, therefore, a need for a new LCP material that may be used in the 
preparation of an LCP mixture, which significantly reduces the aforementioned 
disadvantages. The present invention addresses that need. 

A first aspect of the invention provides a compound of formula (I) 

- 2 - 
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wherein 
G' and 

5 X 
Sp 

10 



15 

M 



in which 
A and B 

20 

C 

n' and n^ 




independently represent a polymerisablc mesogenic residue; 

represents a group selected from -CH2-, -0-, -CO-, -COO-, -OOC-, 
-CONR'-. -OCOO-. -OCONR'; 

represents a group of the formula -(CH2)p- in which p is an integer of 1 
to 18 and in which one or two non adjacent -CH2- groups are 
optionally replaced by -CH=CH-; or in which one or two -CH2- groups 
are optionally replaced by one or two groups selected from the group 
consisting of -0-, -CO-, -COO-, -OOC-, -CONR'-, -OCOO-, -OCONR' 
with the proviso that firstly the spacer group does not contain two 
adjacent heteroatoms and secondly when X is -CH2-, p can also have a 
value of 0; and 

represents an achiral group of formula (II) 




independently represent a six membered isocyclic or heterocyclic 
group or naphthalcnediyl; 

is selected from the group consisting of a five and six membered 
isocyclic or heterocyclic group or naphthalcnediyl; 
are 0 or 1 with the proviso that firstly 1 < n' + n^ < 2 and secondly, 
when C is naphthalcnediyl 0 < n' + n^ < 2; 

-3- 
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Z is selected from the group consisting of -COO-, -OOC-, -CO-, 

•CONR*-, -NR'CO-, OCOO-, -OCONR*-, -NR^COO- and a single 
bond; 
in which 

5 • R* is selected from the group consisting of hydrogen, a lower achiral 

alkyl group and a lower achiral alkenyl group; 
T} and 7} are independently selected from the group consisting of single bond, 
-COO-, -OOC-, -CH2.CH2., -CH2O-, -OCHj., -CH-CH-, -C^C-, 
-(CH2)4- and -(CH2)30-; and 
10 R^ is selected from the group consisting of -CN, -COR, -COOR, -OCOR, 

-CONR'R, -NR'COR, OCOOR, -OCONR'R, -NR'COOR, -F, -CI, -CF3, 
-OCF3, -OR and -R 
in which 

R is selected from the group consisting of hydrogen, an achiral C^g 
1 5 • alkyl group and an achiral C4.18 alkenyl group with the double bond at 

3'position or higher; and 

R' is as defined above; 
with the proviso that at most one of the rings A, B and C is a naphthalenediyl 
group. 

20 In addition to the laterally substituted mesogenic compounds referred to 

above, such compounds are also disclosed in WO 95/24454 and WO 95/24455. 
However, many of these compounds are not suitable for preparing LCP films with 
high optical anisotropy without one or more of the aforementioned disadvantages. It 
has been found that by using the compounds of the present invention it is possible to 

25 control the optical anisotropy of LCPs without significant increase of melting point or 
decrease of clearing point. In addition they generally have a surprisingly low tendency 
to crystallise even far below the melting point (good supercoolability). Furthermore 
they generally exhibit enhanced alignment properties especially on structured LPP 
orientation layers, they are able to form tilt angles and show a decreased tendency to 

30 form tilt domains and disclinations. Furthermore the compounds of the invention have 

-4. 
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a comparatively good solubility in organic solvents and a high miscibility with other 
LCP compounds. 

The optical anisotropy of the compounds of the invention may be easily 
adapted to requirements only by selecting different groups of M of formula I without 
changing the main core of the molecule. This allows an economical access to a broad 
range of LCPs exhibiting different optical anisotropics with a minimum of chemical 
steps in their production. 

The poiymerisable mesogenic residues G' and may be the same or 
different, but are preferably the same. 

The group X is preferably selected from the group consisting of -CH2-, -0-, 
-COO- and -OOC-, 

The spacer group Sp may be optionally substituted by one or more fluorine or 
chlorine atoms. Groups in which there are no substituent groups present are preferred. 
It is especially preferred that the integer p has a value of from 1 to 12 and that no 
more than two -CI-I2- groups are replaced by -O- and that no more than one -CH2- 
group is replaced by one group selected from the group consisting of -CH=CH-, -CO-, 
-COO-, -OOC-, -CONR'-, -OCOO- and -OCONR'. 

The groups A and B comprising the achiral group M are either saturated, 
unsaturated or aromatic. They are optionally substituted by one or two substituents 
20 selected from the group consisting of F, CI, CN, a lower alkyl, lower alkenyl, lower 
alkoxy and lower alkenyloxy. Preferably the groups A and B each contain no more 
that one substituent. It is especially preferred tliat the groups A and B contain no 
substitution. 

It is preferred that the groups A and B are selected from the group consisting 
of 1,4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyI, trans- 1,4-cyclohexylene or 
trans-l,3-dioxane-2,5-diyl. 1 ,4-naphthalenediyl and 2,6-naphthalcnediyl. Is it 
especially preferred that A and B are selected from the group consisting of 
1,4-phenylene, trans- 1,4-cyclohexylenc and 2,6-naphthaIenediyl. 

The group C comprising the achiral group M is either saturated, unsaturated or 
30 aromatic. It is optionally substituted with one or two substituents selected from the 
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group consisting of F, CI, CN, a lower alkyl, lower alkenyl, lower alkoxy and lower 
alkenyloxy. It is preferred that the group C contains at most one substituent. It is 
especially preferred that the group C contains no substitution. 

It is preferred that the group C is selected from furan-2,4-diyl, ftiran-2,5-diyl, 
5 tetrahydrofuran-2,4-diyl, tetrahydrofuran-2,5-diyl, dioxolane-2,4-diyl, dioxolane-2,5- 
-diyl, oxazoIe-2,4-diyI, oxazole-2,5-diyl, cyclopentane-1 ,3-diyl, cyclopentane- 
1 ,4-diyl, 1 ,4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyK 

trans-l,4-cyclohexylene or dioxane-2,5-diyl, 1 ,4-naphthalenediyl and 2,6- 
naphthalenediyl. It is especially preferred that C is selected from the group consisting 

1 0 of furan-2,5-diyl, tetrahydrofuran-2,5-diyl, oxazole-2,5-diyl, 1 ,4-pheny lene, 
trans-l ,4-cyclohexylene, and 2,6-naphthalenediyl. 

The group Z' comprising the achiral group M is preferably selected from the 
group consisting of -0-, -COO-, -OOC- and a single bond. It is especially preferred 
that Z* is selected from -O- or a single bond. 

15 The groups 7? and 7? comprising the achiral group M are preferably selected 

from the group consisting of -COO-, -CH2CH2-, -CH2O-, -OCH2-, -CH=CH-, 

-C=C- and a single bond. It is especially preferred that 7? and 7} are selected from the 
group consisting of -COO-, -OOC-, -C=C- and a single bond. 

The group comprising the achiral group M is preferably selected from the 

20 group consisting of -CN, -COOR, -OCOR, F, CI, CF3, OCF3, OR, R, in which R 
represents a C1.12 achiral alkyl, C4.12 achiral alkenyl group with the double bond at 
position 3- or higher, or hydrogen. It is especially preferred that R' is selected from 
the group consisting of -CN, F, CI, CF3, OCF3, OR, R, in which R represents a C|.x 
achiral alkyl group or hydrogen. 

25 By the term "lower alkyl" it should be understood to include a C|.6 achiral, 

branched or straight-chained alkyl group. Examples of lower alkyl groups that may be 
present in the compounds of the invention include methyl, ethyl, propyl, butyl, pentyl 
hexyl and the like. 

By the term "lower alkenyl" it should be understood to include C3.fi achiral, 
30 branched or straight-chained alkenyl group in which the double bond is at position 

-6- 
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2- or higher. Examples of lower alkenyl groups that may be present in the compounds 
of the invention include 2-propenyl, 3-butenyl, 3-isopcntenyl. 4-pentenyl. 5-hexenyl 
4.isohexenyl and the like. 

By the term "lower alkoxy" it should be understood to include C,^ achiral 
branched or straight-chained alkoxy group. Exan,ples of lower alkoxy groups that 
may be present in the compounds of the invention include methoxy, ethoxy, propoxy, 
butoxy, pentoxy hexoxy and the like. 

By the term "alkenyloxy" it should be understood to include C3.. achiral 
branched or straight-chained alkenyloxy group in which the double bond is at position' 
2- or higher. Examples of lower alkenyloxy groups that may be present in the 
compounds of the invention include 2-propenyloxy, 3-butenyloxy, 4-pentenyloxy, 
5-hexenyloxy and the like. 

Preferably the polymerisable mesogenic residues G' and are each 
independently represented by the group of formula III 



R2 2.^ 





III 



wherein 
DandE 



are independently selected from the group consisting of 1,4-phenyiene, 
pyridine-2.5-diyl, pyrimidine-2,5-diyl, trans- 1 ,4-cyclohcxylene and 
trans-1 ,3-dioxane-2,5-diyl; 



m is J or 0, 



25 and are independently selected from the group consisting of a single bond, 

-COO-, -OOC-, -CH2-CH2-, -CH2O-, -OCH2-, -CH=CH-, -fee-, 
-(CH2)4- and -(CH2)30-; 
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Z represent a group of formula -(CH2)pX- in which p is an integer having 

a value of 1 to 18 and X is defined above, and in which one or two non 
adjacent -CH2- groups may be optionally replaced by -CH=CH- or in 
which one or two -CH2- groups may be replaced by one or two 
additional linking groups X with the proviso that firstly the group 
does not contain two adjacent heteroatoms and secondly when X is 
-CH2, p can also have a value of 0 

represents a polymerisable group selected from the group consisting of 
CH2=C(Ph)-, CH2=CW-COO., CH2=CH.COO.Ph., 

CH2=CW-CO-NH-, CH2=CH-0-, CH2=CH-OOC-, Ph-CH=CH-, 
CH2=CH-Ph-, CH2=CH-Ph-0-, R'-Ph-CH=CH-COO-, 

R'^-OOC-CH=CH-Ph-0. and 2-W-epoxyethyl 
in which 

W represents H, CI, Ph or a lower alkyl, 

represents a lower alkyl with the proviso that when R*' is attached to 
a phenylene group (-Ph-) it may also represent hydrogen or a lower 
alkoxy. 

The terms "Ph" and "Ph-" will be understood to indicate a phenyl group. The 
term '"-Ph-" will be understood to mean any isomer of phenylene, namely 1,2- 
phenylene, 1,3-phenylene or 1 ,4-phenylene, except where the context requires 
otherwise. 

The groups D and E are optionally substituted with one or two halogens, -CN, 
lower alkyl, lower alkenyl, lower alkoxy or lower alkenyloxy groups. If halogen 
substituents are present they are preferably F or CI. It is preferred that the groups D 
and E are selected from optionally substituted 1 ,4-phcnyIene and 1,4-cyclohexylene 
rings. It is especially preferred that the groups D and E contain no substitution. 

It is preferred that the groups Z^ and Z^ are selected from the group consisting 
of a single bond, -COO-, -OOC-, -CH2-CII2-, -CHoO-, -OCH2-, -CH=CH- and 

-8- 
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-C=C-. It is especially preferred that and represent a single bond, -feC-, -COO- 
or -OOC-. 

may be optionally substituted by one or more halogen atoms, preferably 
one or more fluorine atoms. It is preferred that p has a value of ] to 1 1. It is also 
preferred that Z*^ contains no substitution. It is further preferred that, for the group Z^ 
X is selected from -CH2-, -0-, -COO- and -OOC-, especially -CII2- or -0-. 

It is preferred that the group is selected from the group consisting of 
CH2=CW-COO- and CIl2=CH-0-. 

It is preferred that the sum of the two integers m for each of the groups G' and 
G^ is 0 or 1. It is especially preferred that for both G' and G^ m has a value of 0. 

The compounds of the invention may be readily prepared using procedures 
well known to a skilled person in accordance with any one of the procedures set out in 
Schemes 1 and 2 below. 
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Scheme 1 




DEAD/TPP/THF 

V 
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Scheme 2 




DEAD/TPP/THF 




in which : 

DEAD is diethyl azodicarboxylate 



wo 00/55110 



PCT/lBOO/00158 



TPP is triphenylphospine 

THF is tetrahydrofiiran 

Kl is potassium iodide 

DBU is l,8-diazabicyclo[5,4.0]undec-7-ene 

EDC is N-(3-.dimethyIaminopropyl)-N'-ethylcarbodiimide hydrochloride 
DMAP is 4-dimethylaniinopyridine 

Suitable starting materials used in the preparation of the compounds of the 
present invention include, amongst others, phenyl and biphcnyl alcohol and 
carboxylic acid compounds as well as 1,4-cyclohexanedione. The starting materials 
are commercially available or may be readily prepared and are well known to a skilled 
person. 

The compounds of the invention are preferably prepared by forming a ring that 
includes a lateral group prior to linking the mesogenic residues. Alternatively, the 
compounds may be prepared by forming a ring that includes a polymerisable 
mesogenic residue prior to linking the lateral group. A second aspect of the invention 
therefore provides a method of preparation of a compound of formula (I), the method 
comprising forming a ring that includes a lateral group and subsequently linking the 
mesogenic residue thereto. The mesogenic residues G' and are preferably 
connected to the central ring simultaneously. As indicated above, it is especially 
preferred that the mesogenic residues G* and G~ are identical. 

It will be appreciated that the compounds of the invention may be used in the 
preparation of liquid crystalline mixtures. Such mixtures may be prepared by 
admixing a compound of formula (I) with one or more additional components. An 
organic solvent may also be used in the preparation of these mixtures. A third aspect 
of the invention therefore provides a liquid crystalline mixture comprising a 
compound of formula (I) and one or more additional components. The one or more 
additional components present in the liquid crystalline mixture may be further 
compounds of formula (1), other mesogenic compounds, compounds that are 
compatible with a mesogenic molecular architecture or chiral dopants for the 

"12- 
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induction of helical pitch. The LCP mixture may also include a suitable organic 
solvent. Examples of solvents that may be used in the preparation of such liquid 
crystalline mixtures include anisole. N-methylmorpholine, caprolactone. 
cyclohexanone, methyl ethyl ketone and the like. 

Examples of additional components that may be used in the preparation of 
liquid crystalline LCP mixtures according to the third aspect of the invention include 
those compounds represented by formulae III to X. 
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VIII 




R 



IX 




X 



in which 



f',f2 

005511QA1„I.> 



is selected from the group consisting of CH2=CH-0-, CH2=CII-COO-, 
CH2=C(CH3)-COO-, CH2=C(Cl>COO- and 
H2C pH 



independently represent -(CH2),r or -0(CH2)n-; 

are independently selected from the group consisting of 1 ,4-phenylene 
trans- 1 ,4-cyclohexylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl and 
trans 1 ,4-cyclohexylenc-l ,4-phenylene; 

are independently selected from the group consisting of 1 ,4-phenylene, 
and 2- or 3-fluoro-l,4-phenylene; 

are independently selected from the group consisting of OH, 
C|-C2o-alkyl, CrC2o-alkenyl, C|-C2o-alkoxy, 
Ci-Cio-alkoxy-carbonyl, formyl, CrC2o-alkyIcarbonyl, 
CrC2o-alkylcarbonyloxy, halogen, cyano and nitro; 
is selected from the group consisting of -COO-, -OOC-, -OCH2-, 
-CH2O-, -0(CH2)3-, -OOC(CH2)2- and -COO(CH2)3-; 




wo 00/55110 



PCT/IBOO/00158 



10 



15 



20 



25 



30 



n 

V 



is selected from the group consisting of a single bond, -CH2CH2-, 
-CH2O-, -OCH2-, -COO-. -OOC-; -(CH,),-, -0(CH.)3-. (CH.)30- and 
-C=C-; 

is selected from the group consisting of a single bond, -CH2CH2-, 
-CH2O-. -OCH2-, -COO-, -OOC-, and -OC-; 
is independently selected from the group consisting of hydroxy, 
C,-C2(ralkyl, Ci-C2o-alkenyl, Ci-CValkoxy, 
C,-C2o-alkoxycarbonyl, formyl-, C.-Czo-alkylcarbonyl, 
C,-C2o-alky]carbonyloxy, fluoro, chloro. bromo, cyano and nitro; 
is an integer having a value of from 2 to 20; and 
is an integer having a value of from 2 to 12 



The compounds of the invention may also be used in the formation of a LCP 
layer by casting a LCP compound according to the first aspect of the invention or a 
mixture according to the third aspect of the invention onto a substrate. A fourth aspect 
of the invention therefore provides a method forming a LCP network comprising 
forming a LCP layer including a compound of formula (1) and cross-linking the layer. 
Liquid crystalline mixtures according to the third aspect of the invention may also be 
used in the manufacture of LCP networks in a similar way. 

The invention also includes, in a fifth aspect of the invention, a cross-linked 
LCP network comprising a compound of formula (I) in a cross-linked forni. 
Cross-linked LCP networks comprising a mixture according to the third aspect of the 
invemion in cross-linked form may also be included in this aspect of the invention. 

A sixth aspect of the invention provides the use of a compound of formula (I) 
in the preparation of an optical or an electro-optical device. The use, in the 
preparation of an optical or electro-optical device, of liquid crystalline mixtures 
according to the third aspect of the invention is also included in this aspect of the 



invention. 



A seventh aspect of the invention provides an optical or an electro-optical 
device comprising a compound of formula (1) in a cross-linked state. An optical or 



- 15- 



BNSDOCID:<WO 00551 10A1 I > 



wo 00/55110 



PCT/IBOO/00158 



electro-optical device comprising a LCP liquid crystalline mixture in a cross-linked 
state according to the third aspect of the invention is also included in this aspect of the 
invention. 

The invention will now be described with reference to the following 
non-limiting examples. These examples are provided by way of illustration only. 
Variations on these examples falling witliin the scope of the invention will be 
apparent to a skilled person. 



Examples 
Example 1 

Synthesis of 8-ChlorooctyM-(4'-octylbiphenyl) ether 




A solution of diethyl a2X)dicarboxylate (2.1g; I2mmol) tetrahydrofuran (10ml) 
was added dropwise at 0°C to a solution of 4-octyl-4'-hydroxybiphenyl (3.2g; 
ILSmmol), 8-chlorooctanol (1.9g; 12mmol), triphenylphosphine (3.2g; 12mmol) and 
tetrahydrofuran (80ml) and stirred at room temperature overnight. The reaction 
mixture was added to water (200ml) and extracted with ethyl acetate (3 x 1 00ml). The 
combined organic layers were washed with water (2 x 100ml), dried over magnesium 
sulphate and filtered. The solvent was removed in vacuo. The residue (ll.lg) was 
purified by flash chromatography on silica gel column using a toluene/ethyl acetate 
mixture (95:5) as eluent to give 4.4g (93%) of 8-ChlorooctyM-(4*-octylbiphenyl) 
ether. 



Synthesis of 8|(4*-octy]-4-biphenylyl)oxy |octyI 2,S-dihydroxybcnzoatc 
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HO 




A mixture of 2.5-dihydroxyben2oic acid (L7g; ll.Ommol), 1 ,8-diazabicyclo- 
[5.4.0]undec-7-ene (1.7g; ll.Ommol), 8-chlorooctyl-4'-octyI-4-biphcnyI ether (4.4g; 
10.2mmol), potassium iodide (6.6g; 40.0mmol) and acetonitrile (150ml) was heated 
under reflux for 72h. The reaction mixture was cooled, poured into water (600ml) and 
extracted with ethyl acetate (3 x 150ml). The combined organic layers were washed 
with IN-hydrochloric acid (150ml) and water (2 x 150ml), dried over magnesium 
sulphate and filtered. The solvent was removed in vacuo. The residue (4.9g) was 
purified by recrystallisation from ethyl acetate/toluene to give 4.5g (80%) of 
8-[(4'-octyl-4-biphenylyl)oxy]octyl 2,5-dihydroxybenzoate. 

bis[p-[r6-(acryloyloxy)hexyI]oxy)benzoate] 





A solution of N-(3-dimethylaminopropyl)-N'-ethyJ-carbodiimide hydrochloride (2.6g; 
13.7mmoI) in dichloromethane (50ml) was added slowly to a solution of 8-[(4'-octyl- 
-4-biphenylyI)oxy]octyl-2,5-dihydroxybenzoate (3.0g; 5.5mmol), 4-(6-acryloyl- 
hexyloxy)benzoic acid (4.1g; 13.7mmol) and 4-dimethylaminopyridine (1.3g; 
10.9mmol) in dichloromethane (100ml) at 0°C. The mixture was stirred at room 
temperature overnight, added to water (200ml) and extracted with dichloromethane (3 
X 100ml). The combined organic layers were washed with water (2 x 100ml), dried 
over magnesium sulphate and filtered. The solvent was removed in vacuo. The 
residue (8.4g) was purified by flash chromatography on silica gel column using a 
toluene/ethyl acetate mixture (95:5) as eluent. Recrystallisation from ethyl 
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acetate/hexane gave 2.2g (38%) of 

[[[8-[(4*-octyl-4-biphenyl)oxy]octylloxy]carbonyl]-p.phenylene bis[p-[[6-(acryloyl- 
oxy)hexyl]oxy]benzoate]. Mp (C-N) = 89.5°C; Clp (N-I) = 103''C 

5 The following compounds were synthesised using a similar method. 

2,5-bis>f4-(6-acryloyloxyhexyloxy)benzoyloxylbenzoic acid 8-r4«(S-octylpyridin- 
••2-yl)phenoxy]nonyl ester 



10 




Mp (C-N) = 6rC; Clp (N-I) = 89°C 

15 ll|9-[p-(S-nonyl-2-pyriniidinyl)phcnoxylnonyl]oxy|carbonyll-p-plienylene 
bis|p-[|6-(acryloyloxy)hexyHoxylhenzoatel 




20 Mp (C-N) = 55.5°C; Clp (N-I) = 90.2**C 

t[18-[p-(trans-4-pcntylcyclohcxyl)phenoxy|octyl]oxylcarbonyl|-p-phcnylenc 
b's|p-|16-(acryloyloxy)hcxylloxy]benzoatcI 
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1 1 1 |8-f (4'-cyano-4-binhcnvlv l)oxy loctvJ I oxv|carbonvl i-n-p h«nvl 
bis I p-f 16-( acry lovloxv)hexyll oxyj benzoatej 



cne 





= N 



Mp (C-N) = 72°C; Clp (N-I) = ] 14.7°C 
Solubility in MPK: 7.2% 



2,5-Bis|4-(6-acryloyloxvhcx vloxy)benzovloxy]bcnzoic acid 8-rr.- nenfvlnvv.7. 
naphthyloxy)octyl ester ^ ^ ^ — 




|[2- | 2-|(4>Cyan o-4-bip hen y l y l)oxylethoxvlethoxylcarbonyn-p-phenvlenc bis|p - 
|6-(acryloyloxy)hexvloxylbenzoatc 



o ^ ' \ 
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Mp. (C-N) = 54^C; Clp (N-1) = 86°C; Solubility in MPK: 33.2% 

2,5-Bisf4-(6-acrylovloxyhexyloxy)benzoyloxy]benzoic acid 6-^[4-[(4>cyanophcnvn 
ethinyl) phenyloxy]hexyl ester 



Mp. (C-N) = 71 .4°C; Clp (N-1) = 13a6C; 



2,5-Bis[4-(6-acryioyioxyhexyloxy)benzoyloxy]benzoic 



acid 



8-(2- 



naphthyloxy)octyl ester 

o 




10 

Mp. (C-N) = 63°C; Clp (N-I) = 74^C; 
This compound may be supercooled 

Example 2 

15 Synthesis of 4'-|(8-chlorooctyl)oxyl-4-biphcnylol 




20 




HO 



A solution of diethyl azodicarboxylate (3.5g; 20mmol) and tetrahydrofuran 
(lOmI) was added dropwise at O^'C to a solution of 4,4'-dihydroxybiphenyl (7.4g; 
40mniol), 8-chloro- 1 -octanol (3.3g; 20mmol), triphenylphosphine (5.2g; 20mmol) 
and tetrahydrofuran (120ml) and stirred at room temperature 72h: The reaction 
mixture was added to water (400ml) and extracted with ethyl acetate (3 x 150ml). The 
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combined organic layers were washed with water (2 x 150m]), dried over magnesium 
sulphate and filtered. The solvem was removed in vacuo. The residue (19.2g) was 
purified by flash chromatography on a silica gel column using a toJuene/ethyl acetate 
mixture (95:5) as eluent. to give 2.6g (40%) of 44(8-chlorooctyl)oxy]-4-biphenylol. 

Synthesis of 4'-K8-chlorooctyl)oxYl-4-biphenylvl 2-furoate 




A solution of 2-furoyl chloride (1 .3g; 9.8mmoI) was added dropwise at 0°C to 
a solution of 4'-[(8-chlorooctyl)oxy]-4-biphenyIol (2.6g; 7.8mmol) and pyridine (20g; 
253mmol), stirred at room temperature overnight. The resulting mixture was added to 
IN-hydrochloric acid (200ml) and extracted with ethyl acetate (3 x 100ml). The 
combined organic layers were washed with saturated sodium chloride solution (2 x 
80ml), dried over magnesium sulphate and filtered. The solvent was removed in 
vacuo. The residue (3.3g) was purified by recrystallisation from ethyl acctate/hexane. 
to give 2.9g (88%) of 4-[(8-Chlorooctyl)oxy]-4-biphenylyl-2-furoate. 

Synthesis of {|8-K2,5-dihvdroxyben2ovnoxv|octvlloxvi-4-biphenvlvl 2-furoate 

o 

A mixture of 2,5-dihydroxybenzoic acid (l.lg; 7.0mmol), 1 ,8-diazabicyclo- 
[5.4.0)undec-7-ene (l.lg; T.Ommol), 4'-[(8-chlorooclyl)oxy]-4biphenyi-2-furoate 
(2.9g; 6.8mmol), potassium iodide (5.2g; 35mmol) and acetonilrile (lOOmi) was 
heated under reflux for 48h. The cooled reaction mixture was poured into water 
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(500ml) and exlracted with ethyl acetate (3 x 150ml). The combined organic layers 
were washed with IN-hydrochloric acid (100ml) and water (2 x lOOmI). dried over 
magnesium sulphate and filtered. The solvent was removed in vacuo. The residue 
(2.8g) was purified by flash chromatography on a silica gel column using a 
toluene/ethyl acetate mixture (93:7) as eluent to give l.lg (30%) of 
{[8-[(2,5-dihydroxybenzoyl)oxy]octyl]oxy}-4-biphenylyl-2-furoate. 

Synthesis of furan-2-carboxylic acid 4'-(8-(2^-bis-14-f6-acryloyloxyhcxyioxy)- 
bcnzoy loxy 1 benzoy loxy }octyioxy)biphcny l-4-y I ester 





o 

A solution of N-(3-dimethylaminopropyl)-N -ethyl-carbodiimide 
hydrochloride (l.Og; S.lmmol) in dichloromethane (20ml) was slowly added to a 

15 solution of 4'-{[8-[(2,5-dihydroxybenzoyl)oxy]octyl]oxy}-.4-biphenyly]-2-furoate 
(l.lg; 2.0mmol), 4-(6-acryloylhexyloxy)benzoic acid (1.5g; S.Onimol) and 
4-dinielhylaminopyridine (0.5g; 3.9mmol) in dichloromethane (30ml) at 0°C. The 
mixture was stirred overnight at room temperature, added to water C200ml) and 
extracted with dichloromethane (3 x 100ml). The organic layers were washed with 

20 water (2 x 80ml), dried over magnesium sulphate and filtered. The solvent was 
removed in vacuo. The residue (2.6g) was purified by flash chromatography on a 
silica gel column using a toluene/ethyl acetate mixture (90:10) as eluent. 
Recrystallisation from ethyl acetate/isopropanol gave 0.4g (19%) of 
furan-2-carboxylic acid 4 -8-{2,5-bis[4-(6-acryloyloxyhexyloxy)benzoyloxy]- 

25 benzoyloxy}octyloxy)biphenyl-4-yl ester. 
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Mp (C-N) = 89.5°C; Clp = 103°C. The compound is supercoolable below room 
temperature. 



2,5-Bis|4-(6-acrvlovloxvhex v loxy)bcn2ovloxylben2oic acid 
octyioxyphenyl) ethinvl)-2- naphthvloxv]hexvl cKU r 



Mp. (C-N) = 67°C; Clp (N-I) = ]45''C; 
This compound may be supercooled 

2,S-Bis|4-<6-acryl oyloxv hex v loxy)ben20vloxylbcn2oic acid 8-|6-|f4-cvanonhenvn 
cthinyil-2-naphthyloxyloc«vl ester 





Mp. (C-N) = 103°C; Clp (N-I) == 142°C; 
This compound may be supercooled 



||2-|2-[2-|(4-Cyanophenv l)ethinyl]-6-naphthvloxvlethoxvlethoxv|carbonyll-p- 
phenylene bistp-[6-racryloyloxy)hexyloxv1benzoatc 

Mp. (C-N) = 90°C; Clp (N-I) = 133°C; 
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This compound may be supercooled 

[(2-[2>[4^-[(4-Cyanophenyl)ethinylh4-biphenylyloxylethoxylcthQxy|carbonyll-p* 
phenylenc bis[p-|6-(acryloyloxy)hexyloxy|benzoate 

Mp. (C-N) = 93°C; Clp (N-I) = 177*^C; 
This compound may be supercooled 

Example 3 

Preparation of Nematic LCP films 

(i) A mixture of the following components in anisole was prepared: 
60wt% of 




20wt% of 



10wt%of 
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10 



and 10wl% of 1,4-butanediol diacrylate as a promoter of forming a poJymer network. 
Further SOOppm of 2,6-di-(t-butyl)-4-hydroxytoluene (BHT) inhibitor were added to 
this mixture in order to prevent untimely polymerisation. Polymerisation was started 
using SOOppm initiator such as Irgacure 369 (commercially available from Ciba 
Geigy. Basle, Switzerland). The mixture was stirred at room temperature and than 
spincoated on a glass plate having an orientation layer to form an LCP film of ca. 
800nm in thickness. This film was dried at 50°C for 1 or 2 minutes and 
photopolymerised by irradiation with UV light for approximately 5 minutes at room 
temperature in a N2 atmosphere using a mercury lamp. 

The well oriented film shows the nematic mesophase at room temperature. 



(") A mixture of the following components in Anisole was prepared 
according to the procedure of Example 1 
60wt% of 






20 



20wt% of 





10wrt%of 
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5 

and 10 wl% of 1 ,4-bulanediol diacrylate (Aldrich). 

This nematic film also shows a well oriented nematic mesophase at room temperature 
with a clearing point of about SS'^C. In addition this film exhibits a tilt angle of about 
0 1 ° relative to the plane of the substrate, as shown by ellipsometric measurements. 
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Claims 

1 . A compound of formula (I) 




X— Sp-M 

I 

5 wherein 

G ' and independently represent a polymerisable mesogenic residue; 

X represents a group selected from -CH2-, -0-, -CO-, -COO-, -OOC-, 

-CONR'-, -OCOO-, -OCONR'; 

10 

Sp represents a group of the formula -(CH2)p- in which p is an integer of 1 

to 18 and in which one or two non adjacent -CH2- groups are 
optionally replaced by -CH=CH-; or in which one or two -CH2- groups 
are optionally replaced by one or two groups selected from the group 
5 consisting of -0-, -CO-, -COO-, -00C-, -CONR'-, -OCOO-, -OCONR' 

with the proviso that firstly the spacer group does not contain two 
adjacent hcteroatoms and secondly when X is -CH2-, p can also have a 
value of 0; and 
M represents an achiral group of formula (II) 




in which 

A and B independently represent an optionally substituted six membcred isocyclic 
or heterocyclic group or naphthalencdiyi; 
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C is selected from the group consisting of an optionally substituted five 

and six membered isocyclic or heterocyclic group or naphthalenediyi; 
n* and n^ are 0 or 1 with the proviso that firstly 1 < n' + n' < 2 and secondly, 

when C is naphthalenediyi 0 < n' + n^ < 2; 
^ is selected from the group consisting of -0-, -COO-, -OOC-, -CO-, 

-CONR'., -NR'CO-, OCOO-, -OCONR*-, -NR'COO- and a single 

bond; 

in which 

R' is selected from the group consisting of hydrogen, a lower achiral 
1 0 alkyl group and a lower achiral alkenyl group; 

T} and 7? are independently selected from the group consisting of single bond, 
-COO-, -OOC-, -CH2-CII2-, -CH2O., -OCH2-, -CH=CH-, -C^C-, 
-(CH2)4- and -(CH2)30s and 
R' is selected from the group consisting of -CN, -COR, -COOR, -OCOR, 

1 5 -CONR'R, -NR^COR, OCOOR, -OCONR'R, -NR'COOR, -F, -CI, -CF3, 

-OCF3, -OR and -R 
in which 

R is selected from the group consisting of hydrogen, an achiral Cms 
alkyl group and an achiral C4.18 alkenyl group with the double bond at 
20 3-position or higher; and 

R' is as defined above; 

with the proviso that at most one of the rings A, B and C is a naphthalenediyi 

group. 

2. A compound according to Claim 1, in which G* and G" are the same. 
25 3. A compound according to Claim 1 or Claim 2, in which X is selected from -CH2-, 
-0-, -COO- and -OOC-. 

4. A compound according to any one of claims 1 to 3, in which the integer p of the 
group Sp has a value of from 1 to 12. 

5. A compound according to any one of the preceding claims, in which no more than 
30 two -CH2- groups are replaced by -0-. 
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6. A compound according to any one of the preceding claims, in which no more than 
one -CH2- group is replaced by a group selected from the group consisting of 
-CH=CH-, -CO-, -COO-. -OOC-, -CONR'-, -OCOO- and -OCONR'. 

7. A compound according to any one of the preceding claims, in which groups the A 
5 and B comprising the group M are selected from the group consisting of 

1,4-phenyIene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, trans- 1,4-cyclohexylene or 
trans- l,3-dioxane-2,5-diyl, 1 ,4-naphthalenediyl and 2,6-naphthaIenediyl. 

8. A compound according to any one of the preceding claims, in which the group C 
comprising the group M is selected from furan-2,4-diyl, furan-2,5-diyl, 

1 0 tetrahydrofiiran-2,4-diyl, tetrahydrofuran-2,5-diyI, dioxolane-2,4-diyl, 

dioxolane-2,5-diyl, oxazoIe-2,4-diyl, oxazole-2,5-diyl, cyclopentane-l,3-diyl, 
cyclopentane-l,4-diyl, 1 ,4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, 
U-ans-U4-cyclohexylene or dioxane-2,5-diyl, and 2,6-naphthalenediyI. 

9. A compound according to any one of the preceding claims, in which the group Z' 
15 comprising the achiral group M is selected from the group consisting of -0-, 

-COO-, -OOC- and a single bond. 

10. A compound according to any one of the preceding claims, in which the groups 7} 
and 7} comprising the achiral group M are selected from the group consisting of 
-COO-, -OOC-, -CH2CH2-, -CH2O-, -OCH2-, -CH=CH-, -C^C- and a single bond. 

20 n . A compound according to any one of the preceding claims, in which the group R* 
comprising the achiral group M is selected from the group consisting of -CN, 
-COOR, -OCOR, F, CI, CF3, OCF3, OR, R, in which R represents a C,.,2 achiral 
alkyl, or C4.12 achiral alkenyl group, with the double bond at position 3- or higher, 
or hydrogen. 

25 12. A compound according to any one of the preceding claims, in which the 
polymerisable mesogenic residues G' and are each independently represented 
by the group of formula III 
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III 

wherein 

D and E are independently selected from the group consisting of optionally 
substituted 1 ,4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, 
trans- 1 ,4-cyclohexy lene and trans- 1 ,3-dioxane-2,5-diyl; 

m is 1 orO, 

7^ and Ts" are independently selected from the group consisting of a single bond, 
-COO-, -OOC-, .CH2-CH2-, -CH2O-, .OCH2., -CH=CH., -C^C-, 
-(CH2)4- and -(CH2)30s 



Z represent a group of formula -(CH2)pX- in which p is an integer having 

a value of 1 to 1 8 and X is as defined in Claim 1 , and in which one or 
two non adjacent -CH2- groups may be optionally replaced by 
-CH=CI-1- or in which one or two -CH2- groups may be replaced by one 
or two additional linking groups X with the proviso that firstly the 
group does not contain two adjacent heteroatoms and secondly 
when X is -CH2, p can also have a value of 0 

represents a polymerisable group selected from the group consisting of 
CH2=C(Ph)-, CH2=CW-COO-, CH2=CH-COO-Ph-, 

CH2=CW-CO-NH-, CH2=CH-0-, CH2=CH.OOC-, Ph-CH=CH-, 
CH2=CH-Ph-, CIl2=CH-Ph.O-, R'.Ph-CH=CH-COO-, 

R^-OOC-CH=CH-Ph-0- and 2-W-epoxyethyl 
in which 

W represents H, CI, Ph or a lower alkyl, 
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represents a lower alkyi with the proviso that when is attached to 
a phenylene group (-Ph-) it may also represent hydrogen or a lower 
alkoxy. 

13. A compound according to Claim 12, in which the groups D and E are selected 
5 from optionally substituted 1 ,4-pheny]ene and 1 ,4-cyclohexylcne rings. 

14. A compound according to Claim 12 or Claim 13, in which Z" and Z' are selected 
from the group consisting of a single bond, -COO-, -OOC-, -CH2-CH2-, -CH2O-, 
-OCH2-, -CH=CH- and -C^C-. 

15. A compound according to any one of claims 12 to 14, in which the group R^ is 
1 0 selected from the group consisting of CH2=CW-COO- and CH2=CH-0-. 

1 6. A LCP mixture comprising a compound of formula (I) 



15 



20 




X— Sp-M J 

wherein 

G' and independently represent a polymerisable mesogenic residue; 

X represents a group selected from -CH2-, -0-, -CO-, -COO-, -OOC-, 

-CONR'-, -OCOO-, -OCONR'; 

Sp represents a group of the formula -(CH2)p- in which p is an integer of 1 

to 18 and in which one or two non adjacent -CH2- groups are 
optionally replaced by -CH=CH-; or in which one or two -CH2- groups 
are optionally replaced by one or two groups selected from the group 
consisting of -0-, -CO-, -COO-, -00C-, -CONR'-, -OCOO-, -OCONR' 
with the proviso that firstly the spacer group does not contain two 
25 adjacent heteroatoms and secondly when X is -CH2-, p can also have a 

value of 0; and 
M represents an achiral group of formula (II) 
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in which 

AandB independently represent an optionally substituted six membered 
isocyclic or heterocyclic group or naphthalenediyl; 
5 C is selected from the group consisting of an optionally substituted five 

and six membered isocyclic or heterocyclic group or naphthalenediyl; 

n' and n^ are 0 or 1 with the proviso that firstly 1 < n' + n^ < 2 and secondly, 
when C is naphthalenediyl 0 < n' + < 2; 

is selected fi-om the group consisting of -0-, -COO-, -OOC-, -CO-, 
0 -CONR'-, -NR'CO-, OCOO-, -OCONR'-, -NR'COO- and a single 

bond; 
in which 

R' is selected from the group consisting of hydrogen, a lower achiral 

alkyl group and a lower achiral alkenyl group; 
5 l} and 7} are independently selected from the group consisting of single bond, 

-COO-, -OOC-, -CH2-CH2-, -CHp-. -OCH2-, -CH=CH-. -OC-, 

-(CH2)4- and -(CH2)30-; and 
R' is selected from the group consisting of -CN, -COR, -COOR, -OCOR, 

-CONR'R, -NR'COR, OCOOR, -OCONR'R, -NR'COOR, -F, -CI, -CF3, 
) -OCF3, -OR and -R 

in which 

R is selected from the group consisting of hydrogen, an achiral C|-,8 
alkyl and an achiral C4-18 alkenyl group with the double bond at 
3-position or higher; and 
R' is as defined above; 
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with the proviso that at most one of the rings A, B and C is a naphthalenediyl 
group and one or more additional suitable components. 

1 7. A LCP network comprising a compound according to any one of Claims 1 to 1 5 
or a mixture according to Claim 16 in cross-linked or polymerised form. 

1 8. Use of a compound according to any one of claims 1 to 1 5, or a mixture according 
to Claim 16, in the manufacture of an optical or an electro-optical device. 

1 9. An optical or electro-optical device including a compound according to any one of 
claims 1 to 15, a mixture according to Claim 16 or a network according to Claim 
17. 
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